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© Cross-linked glucose isomerase. 

© The invention relates to a novel water-insoluble glucose isomerase which is formed by a crystalline enzyme 
converted to solid form by cross-linking. The invent.on also concerns a process for the preparation of the novel 
crystalline glucose isomerase by cross-linking with dialdehyde tn the presence of a compound conta.n.ng at 
least one amino group, and the use of this novel enzyme preparation as an isomerization catalyst. 
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CROSS-LINKED GLUCOSE ISOMERASE 



FIELD OF THE INVENTION 

This invention relates to a novel water-insoluble 
crystalline enzyme. The invention is also concerned 
cross-linked glucose isomerase. 



glucose isomerase formed by cross-linking of the 
with a process for the preparation of the insoluble. 



BACKGROUND OF THE INVENTION 

The use of immobilized enzymes, i.e.. enzymes bound to a solid carrier, m continuously operated 
reactors is an increasingly preferred techn.que. s.nce it enables savings .n enzyme costs as well as .n the 
purgation of the nJ product. The convers.cn of glucose to fructose with an immobilized glucose 
isomerase is a process that commonly utilizes such a procedure. 

Tgenerd enzymes are water-soluble. ,hus making it necessary ,o use an immobilization technique ,n a 
continuous process. The enzyme has to be bound to a solid phase by a method that prevents ,t from 
driving in the aqueous phase while allowing i, to maintain its acfrvity. Various techniques have been 
suggested to associate enzymes w„h so,id earners where.n the enzyme is absorbed^ covalemly linked, 
cross-linked or microencapsulated. Alternatively, the entire m.croorganism producing the enzyme can be 
bound to a solid phase. A good summary of such techniques is presented in e.g. Moo-Young. M. (ed). 
Comprehensive Biotechnology. 2. Pergamon Press. London 1985. p. 191-211. 

in prior processes, the enzyme is bound to a carrier material prepared separately, wh.ch as such may 
be advantaqepus to the chemical kinetics or the (low techn.que of the substrate. The earner material is. 
however, in most cases more cost.y than the enzyme acting as a catalyst, especially in large-scale mass 
production processes, such as those used in sugar industries. Alternatively, the enzyme can be immob.lized 
by cross-linking it with an inert comppnent. such as gelatin. In any case, the enzyme acting as a catalyst .n 
the prior art forms only a fraction, generally less than 5%. usually 1 to 2%. of the we.gh. anc volume of the 
material used in each particular process. 

Technically cross-linking with glutaraldehyde has been of great importance e.g. in the immobilization of 
glucose isomerase. As is known, glutaraldehyde is approved by the FDA for the immobilization of enzymes 
to be used in food stuff processes. 

Other techniques that have been applied include linkage to ion exchangers and absorption to a solid 
carrier An example of such an application can be found in U.S. Patent 4.699.882 (K. Visun: Stabilized 
glucose isomerase). However, the earner used in this prior art technique .s relatively expensive and the 
technique requires a large reactor. 

The immobilization of enzymes for industrial use enta.ls costs which are not necessarily associated with 
the used enzyme- they include costs caused by the construction of the process apparatus and the factory 
premises- carrier mater.al acquisition (reacqu.s.tion) costs: cost of dispos.ng of inactivated enzyme material: 
labor costs caused by emptying and filling reactors (or by the regeneration of the earner): secondary costs 
caused by the slowness of the reactors. As a consequence of long retention times, non-enzymat.c. 
disadvantageous side reactions can often occur, par ticularly in the production of fructose. 

The scientific literature includes several examples of the cross-linking of crystalline enzymes by means 
of qlutaraldehyde. in these studies, enzyme crystals have been cross-hnked for bas.c research purposes. 
The structure of enzyme crystals is often so weak that the crystals do not w.thstand the ray beam used m 
X-ray diffraction studies: however, with glutaraldehyde they can often be stabilized for such purposes. 
Furthermore crystals have been cross-linked with the purpose of studying stability and catalysis kinetics. In 
cases where the cross-linking of crystals has been successful, only glutaraldehyde has been used and the 
medium has consisted of a solution in which each particular enzyme .s maintained m crystalline form, it 
appears that an insoluble crystal has been formed directly by a reaction between the glutaraldehyde and 
the enzyme protein. Quiocho and Richards (Proc. Natl. Acad. Sc. (USA) 52 (1964) p. 833 and Biochemistry 
5 (1966) p 4062) were the first to use glutaraldehyde in the cross-linking of carboxypeptidases. Bishop and 
Richards (J Moi Biol. 33 (1968) p. 415-421) have cross-linked crystalline beta lactoglobul.n with a 1% 
aqueous solution of glutaTaldehyde at room temperature. The crystals were used for studying the electrical 
properties of the enzyme. Haas (Biophys.c. Journ. 8 (1968) p. 549-555) has cross-linked lysozyme crystals 
in the presence of a 4% sodium nitrate solution (pH 8). using a glutaraldehyde concentration of 12%. 

Dyer Phillips and Townsend (Thermoch.m.ca Acta 8 (1974) p. 456-464) have studied the ther- 



mostability of a crystalline carboxypeptidase cross-linked by glutaraldehyce. They have found thai cross- 
linking leads to increased stability. Tuechsen and Ottesen (Carlsberg Res. commun. 42 (1977) p. 407-420) 
have studied the kinetic properties of a crystalline subtilisin cross-linked by glutaraldehyde in a sodium 
sulphate solution. With low-molecular substrates, the activity of the crystals was high whereas it was 
insignificant with high-molecular substrates like protein molecules or polypeptides (which cannot diffuse into 
the crystals). 

Wong et al. (Biochem. and Biophysic. Research Communications 80 0978) p. 886-890) have cross- 
linked acidic protease of microbial origin with glutaraldehyde in an ammonium sulphate solution. In the 
cross-linking, the presence of ammonium sulphate was regarded as a technical disadvantage. 

Morozoy and Morozova (Biopofymers 20 (1981) p. 451-467) have cross-linked crystalline lysozyme. 
hemoglobin and myoglobin using 2 to 6% glutaraldehyde solutions and a reaction time of 2 to 10 days at 
room temperature. Lee et al. (Bioorganic Chemistry 14 (1986) p. 202-210) have cross-linked crystals of 
alcohol dehydrogenase with glutaraldehyde in the presence of 2-methyl-2.4-oentanedioi (25 0, o). 

It is known that it is often difficult to produce insoluble enzyme by means of glutaraldehyde. especially 
if the protein contains relatively little lysine. This problem is often circumvented by mixing into the enzyme 
a protein such as albumen which can be cross-linked to produce an insoluble form (G.B. Broun. Methods in 
Enzymology. 44 (1976) p. 263). The addition of such an inert foreign protein is not. however, possible when 
the enzyme tobe cross-linked is crystalline. To date, there have been no means of cross-linking in cases 
where it is not possible to cross-link a crystal to insoluble form by means of glutaraldehyde only. 



SUMMARY OF THE INVENTION 

As mentioned above, it is known to immobilize glucose isomerase with glutaraldehyde. The isomerase 
is thereby cross-linked to a support material. Such processes are fully utilized industrially. Attempts to 
cross-link glucose isomerase crystals to insoluble form are not described in the literature. 

It has now been found that it is possible to cross-link glucose isomerase crystals in such a way that the 
original crystalline state is maintained while the enzymatic activity of the enzyme remains very high, the 
best procedures giving the same activity as the original enzyme. The product according to the invention is 
not soluble in any solvents that might be present when using the enzyme technically. Cross-linked 
crystalline enzyme can be used as such to fill an isomerization column in a technical isomerization process. 
By means of the novel cross-linked crystalline enzyme it is possible to carry out a continuous isomerization 
process in columns much smaller and more efficient than previously. It will be appreciated by those skilled 
in the art that the present invention enables use of a column filled with pure enzyme, rather than enzyme 
bound to an inert material which often occupies a majority of the space of the column and accounts for a 
majority of its cost. 



DETAILED DESCRIPTION OF THE INVENTION 

In the process according to the invention, glucose isomerase crystals are cross-linked by means of a 
dialdehyde. such as glutaraldehyde. and a compound containing at least one ammo group, such as an 
ammonium compound, amine, or amino acid, preferably an ammonium salt or lysine. Several amines and 
amino acids are suitable for use. It is likewise evident that in addition to glutaraldehyde many other 
dialdehydes and substances reacting with ammo groups, known as cross-linking reagents, can be usea in 
the process. 

The activity of a solid crystalline enzyme prepared by means of the process according to the invention 
is very high or practically the same as that of a free enzyme. Solid crystalline enzyme can be used as such 
as a column filler in a continuous process. It is extremely stable and withstands mechanical stress well. 

If desired, cross-linked crystals can be further bound to form larger booies. e.g. in spherical, sheetlike, 
bandlike or the like in shape, m known chemico-pnysical ways. Enzyme preparations so obtained can 
withstand various mechanical treatments. 

Those skilled in the an will recognize that the cross-linking process, as disclosed herein, can be used to 
prepare insoluble preparations of virtually any crystalline enzyme which has not. generally because of its 
amino acid composition, heretofore been found to be conducive to cross-imking. 

In the following, the process according to the invention will oe described in more detail. 



Prgpggtjon of cryslalline glucose isomerase !S 2" 

. inm , ulD „ aIe /about 10% by weight) is dissolved in a glucose isomerase solution (1 to 10% by 

Ammomum »"'^» < a *° u < 10 ' Dy " ,,„„ is cooleo slow , y t0 ab0 ut 1 to 2 C under 

rl?sS" esse " y com 1 cS aLation o, the isomerase thereby occurs (more than 95%,. 
X' : rmon um su Phj e . magnesium sulphate or sodium sulphate, .or instance, can be used as a 
Ls^LlTaZ, The concentration of the salts used may vary within w,de l,m,s. e.g.. from 5 to 25% by 
weC The Ue required for the crystallization process also varies within wide limits, e.g.. from one hour o 
« era. dav In «h preparation of large crysta.s. i. is preferable to apply gradual cooling and the 
Z"Je *ol be as pure as possible 9 The crystallization ,s described in U.S. Paten, 4.699.882 ( V,sur„ 

liauor thereof If required, the crystal mass is washed with pure soiut.ons of ammonium sulphate, 
lal^um suiphate or some other substance su.table for crystallization. Cross-linking ,s earned out on a 
admass which does no. contain any free excess mother liquor and which is sed.men.ed or cen,r,fuged 
o compac orm A typ.cal activity of such crys.a, mass ,s 10.000 GlUg. I, contains 20 W^hU 
pure enzyme prote.n determined as dry substance. .. should be noted .ha. enzyme crystals lose the,, 
structure if they are dried. 
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Cro ss linking. 

Crystal mass is suspended in a salt solution such that the crystals will not dissolve 'herein. The 
concentration of the enzyme crystals in the so.ution may vary wide.y. e.g.. 2 to 17% by weigh, on dry 

SUbS A^monium salt is added to the solution if the sal, solution does ndt initially contain ammonium or a 
suitable am,ne or amino acid, such as .ysine. The pH of the mature is adjusted to a value from 5 » 9 
Preferably from 6 to 8. by adding, for instance, sodium hydroxide solution. Acidity ,s controlled by a 
phoWe buner. e.g.. 0.05 M sodTum phosphate o, by automatic pH ad,us«men, w„h an alkahne so uuon 
£e sod urn hydroxide,. The useful concentration of the added amine or am.no acid vanes wrthm w,de ,m.t 
and is dependent on the concemration o, the other components. The product according to he invennon as 
been prepared w„h a h.gh yie,d w„h amine or am.no acid concemrations of , to 15% of the f.nal we.gh, of 

1,16 Thereatter glutaraldehyde is added to the mixture for initiat.ng the cross-linking reaction. The amount of 
glu,ara.dehyde can be varied within w.de lim.ts. from , to 45% by weigh, on we, enzyme crystal mass The 
Preferred amoun, depends e.g. on ,he concentration of the amine contained .n the m.xture. In general, the 
I ferred Smratfon varies' from 3 ,o 4.5 g o, glu,araldehyde per 3 g 0, isomerase calcu ated as dry 
enzyme During the reaction the solution .5 stirred continuously: the temperature ranges from 2 to 25 C. A 
owCperatur'e is of advantage .hough the temperature does no, seem to be critic*. The = 
occur very rap.dly. in a few m.nu.es. especially at higher temperatures. At a low temperature the reaction 

' ime AHer y ,ne reacton. me'insoluble crystals are separated from the mixture by sedimentation or centr.fuga- 
tion. The crystal mass is washed by suspending in water or a su.table sal, solution and by recent,, ugat,oa 
The washing is repeated severe, times until the crystal mass is sufficiently pure to be used as a catalyst. In 
connection w.th the wash.ng i, is also preferable ,0 flush o« fine-grained p,ec,p,,a,e. 

I, is no, advisable ,o dry the obtained crystal mass if it .s to be used as a catalyst ,n an enzymatic 
process Wet crystal mass fully retains ,ts activ.ty for a, least six months w.thout any specal measu,es. 



so Characterization of the final product. 

Crdss-iinked crystals prepared according to the inventidn are similar to the or.ginal raw mater.al crystals 
,n appearance and size. The size of the crystals .s not cr.tical. Crystals hav.ng a diameter ot 100 to 200 
micrometers or larger, up to 1 mm. are particularly suited for technical use. 
55 The mos, important property of the cystals according to the .nvent.on ,s that they are .nsolubie ,n 
water salt solutions and sugar solutions. It is of particular importance that the isomerase crystals do not 
dissolve in concentrated solutions of glucose and fructose, even at high temperatures. In industrial 
processes it is customary to use a temperatuie of 60 'C and a sugar concentration of 45% by we.gnt. 
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^ r .,.„ ratals are insoluble under sucn conditions and at any otner sugar concentration and nigher 
Cross-l.nl.ed crystals are MM cross-llnked crystals is of the same order as that of the orig.nal 

SSTKi!?.. - Si. - o' Wee that the,, activity ,s many times higher than that 

°' TSSanCme form, a further advantage is obtained in tha, the enzyme is 

extend forces acting in .ha crystal and naturally Keeping together the crystal. 

t^ihnri; used for the characterization ot the starting material and the final product. 

The activity of the isomerase was determined as international glucose isomerase units abbreviated 
GIU oer . d ol a dried enzyme preparation. One unit (G.U) represents an enzyme amount able to convert 
glucose to wuctose a. a rate of . micromo.e m.n under the following conditions: glucose concentrate 2.0 

^£££Z52Z£ <o , g o, an enzyme preparation (original crystal mass or thoroughly 
washed cross-linked crystal mass) was m.xed into a substrate solution (,00 ml) such as described above 
Itter a suitable period of time. e.g.. .0 minutes, the fructose content of the solution was determined and he 
actity was calculated and expressed in the above-mentioned units. The amount of enzyme and the 
feac on time were chosen so that the fructose formed was less than 5% of the total sugar content .n order 
hat he measuring result would concern the initial rate of the reaction. The pry content of he starting 
material and the product were determined by a conventual method by drying the sample a, ,05 C to 
constant weight. 



25 Isomerization process. . y 

Crystalline cross-linked enzyme is suitable for use ,n a conventional way in a batch *omerization 
process whereby the used enzyme .. separated after the reaction, e.g.. by filtration, and ,t can be reused. ,. 

* ae$i On'an industrial scale, however. ,t is to be preferred to carry out the isomerization as a continuous 
orocess whereby the sugar solutron to be isomerized m allowed to flow through an enzyme column. By 
varying the region time'end^or the temperature, the .somenzation process is easy to adjust ^T N , enzyme 
is active within a w,de range of temperatures, from the freezing point up to temperatures exceeding 100 C 
A, low temperatures, a drawback is that the reaction is slow and the sugar (glucose and fructose, hydra e 
are c"ys,Xed whereas a. high temperatures the destruction of both the enzyme and the fructose takes 

oiace considerably more rapidly. „ rncc 
Continuous .somenzation is typically cameo out .n such a manner that the column .s filled wUh cross- 
linked enzyme crystals of 100 to 300 micrometers. The s.ze and height of the column can be varied 
according to the capacity required in each part.cular case. In a small column 3 sultable ^^ h ^ ' S * » 
50 cm The temperature may also be var.ed within w.de limits. Room temperature .s read.ly realizable. If 
rn.crobiolog.cal contaminations present a problem, they can be eliminated by ra.s.ng the temperature to at 

M vTiS^ is easy to control by vary.ng the linear flow ra'te. With a small column the linear (low rate 
ranoes from 2 to 30 crrvmin. A retention t.me suitable for fresh enzyme is 1 to 2 minutes. The pressure is 
atmospheric. The pressure loss is insignificant «0.2 bar per a bed height of 50 cm). The retention time « 
adiusted by vary.ng the bed height of the column and by the flow rate. The .somenzation reaction can be 
accelerated by raising the temperature. 

In a conventional industrial process, the a.m is, in most cases, to obta.n a sugar solution, in which 40 to 
45% of the sugar is fructose, When the activity of the enzyme decreases with the ageing of the column, the 
desired level is maintained by reducing the flow rate. 

The following examples illustrate the invention more closely: 



35 



AO 



850 g of glucose isomerase crystal mass crystallized in a 10% ammonium sulphate solution as 
described in U S Patent 4.699.882 was we.gneo and to sa.d crystal mass. 1000 ml of a sulfate solut.on pH 
7 4 (buffered by a 0.5 M sod.um phospnate to) was added. The mixture was cooied to 10 C. The resulting 



mixture was stirred constantly by means of a propeller stirrer using a low speed (200 to 400 rem), for 
decreasing the damaging of the_ crystals. A 160 ml aliquot of 25% glutaraidehyde was added to the mixture. 
After one hour the reaction was'a'rrested by .adding 20 liters of pure water into the mixture. The stirring was 
ended immediately and the crystal mass was allowed to settle on the bottom of the vessel for two hours. 

s The mother liquor was decanted apart taking care not to flush off the crystals. 20 liters of pure water were 
again mixed into the crystal mass and the washing water was removed by decanting. Still another washing 
with water was carried out. The obtained wet isomerase crystal mass, washed three times with water, was 
used as such in isomerization tests, activity determinations and other experiments. 

The cross-linked glucose isomerase so prepared was in a crystalline state {microscootc appreciation). 

io The crystals were insoluble in water, dilute solutions of various salts (within the pH range of 2 to 9). dilute 
acids (1 mole/liter), hot water and hot salt solutions up to 100 "C. and concentrated glucose, fructose and 
sugar solutions up to 100* C. The appearance of the crystals remained unchanged under all the above- 
mentioned conditions, whereas crystalline isomerase which had not been cross-linked was dissolved or 
precipitated as an amorphous precipitate. The enzymatic activity of the cross-linked isomerase was 52% of 

is that of the original isomerase which had not been cross-linked. That is. when the activity of the original 
isomerase was 40.000 GlU.g. the activity of cross-linked crystals was correspondingly more than 20.000 
GlU/g. calculated per dried enzyme protein. 



20 Example 2 

With the arrangement of Example 1. the following reaction mixture was prepared at 25 C: 
1 4 g isomerase calculated as pure enzyme protein 
10 g ammonium sulphate 
25 15 g glutaraidehyde (about 8 ml of a 25% solution) 

0.05 M sodium phosphate buffer (pH of the solution 7.4) ^ 
100 ml water 

After a reaction time of one hour, free solution was removed from the mixture by means of a laboratory 
centrifuge by centrifuging at 1000 rpm for five minutes. The crystal mass obtained was suspended in 200 
30 ml of pure water and centrifuged again as described above. Washing with water was repeated once more 
as described above. Wet washed crystal mass was recovered and used for further researcn. The activity of 
the crystal mass so prepared was 49% of that of the original crystal mass. 



35 Examples 3 to 8 

Reaction mixtures having the same initial composition as in Example 2 were prepared with the 
arrangement of Example 1 at 10* C. After reaction times of varying lengths, the reaction was arrested and 
the crystal mass was washed, whereafter the activity of each crystal mass was determined. The results are 
■to shown m the following Table 1. "» 

Table 1 



Reaction 
time 


Activity (% of the activity of 
the original crystal mass) 


Example 3 


10 mm 45 


Example 4 


30 mm 46 


Example 5 


60 mm 49 


Example 6 


90 mm 48 


Example 7 


2 h 40 


Example 8 


3 h 40 



It can be seen from the results that the reaction is completed very rapidly and the activity coes not 
change in any greater degree when the reaction time ts increased. 



Examples 9 to 16 



With the arrangement of Example 1. reaction mixtures having the following initial composition were 
prepared at 10* C: 

14 g glucose isomerase protein (in crystalline form) 

10 g ammonium sulphate ' - 

90 ml 0.5 M sodium phosphate solution (pH 6.0. 7.0. 8.0 or 8.4. as shown in Table II) 

alutaraldehyde 0.12. 0.5. 2.0. 3.5 or 4.1 2 g (as shown in Table II) 

Reaction time was one hour. The activity of each resultant crystal mass (% on the or.g.nal activity of the 
crystal mass) is shown in Table II. 

Table II 





PH 


Glutaraldehyde 
(9) 


Activity 

(°o) 


Example 9 


6.0 


0.5 


22 


Example 10 


60 


3.5 


24 


Example 11 


7.0 


0.12 


60 


Example 12 


7.0 


2.0 


65 


Example 13 


7.0 


4.12 


59 


Example 14 


8.0 


0.5 


41 


Example 15 


8.0 


3.5 


44 


Example 16 


84 


2.0 


39 



It appears from the results that the amount of glutaraldehyde can be varied within fairly w,de lim.ts and 
25 nevertheless obtain high activities. The acidity greatly affects the result: the preferred pH I value is about 7.0. 
though useful preparation can be obtained within the entire pH range tested, i.e.. pH 6.0 to 8.4. 



Examples to 27 

A test series similar to the preceding examples was carried out: however, the temoerature was 2 
the reaction time 18 hours. The composition of the reaction mixture was the following: 
3 g isomerase crystals calculated as dry protein 50 ml water as a medium 
7.5 g salt (sodium sulphate, magnesium sulphate and/or ammonium sulphate <see Table ill) 
sodium hydroxide for adjusting pH to 7.0 (not more than 2 meq. that is. 80 mg> 
0.125 to 2.5 g glutaraldehyde (see Table III). 

Table ill 



50 



55 





Salt tg) 


Giutaraioenyoe 


Activity 

(°o> 


(NHi) 2 SOt 


MgSO* 


Na?SO* 


Example 17 






7.5 


0.5 


0 


Example 18 






7.5 


2.5 


0 


Example 19 




7.5 




0.125 


0 


Example 20 




7.5 




0.5 


0 


Example 21 




7.5 




0.75 


0 


Example 22 




7.5 




1.25 


0 


Example 23 


0.45 


7.05 




0.75 


20 


Example 24 


0.90 


6.6 




0.75 


19 


Example 25 


1.8 


5.7 




0.75 


28 


Example 26 


3.75 


3.75 




0.75 


40 


Example 27 


7.5 






0.75 


60 



It appears from the results that when cross-iinkmg is earned out m the absence of an ammonium salt, 
insoluble crystals are not obtained, not even with a high glutaraldehyce concentration. Even a smalt amount 



of ammonium salt promotes the formation of insoluble crystals. 



Examples 28*38 

Insoluble isomerase crystals were prepared using various nitrogen compounds according to the 
following general method: 

3 g crystalline isomerase calculated as dry protein 

7.5 g magnesium sulphate 

10 mmol nitrogen compound (see Table IV) 

2.5 g glutaraldehyde (calculated as 100%) 

temperature 2* C and 

reaction time 18 hours 

Table IV 





Nitrogen 


Amount 


Activity 




compound 


(9) 


(%) 


Example 28 


lysine 


1.83 


80 


Example 29 


arginine 


1.74 


17 


Example 30 


histidine 


1.55 


26 


Example 31 


glutamine 


1.46 


18 


Example 32 


leucine 


1.31 


21 


Example 33 


isoleucine 


1.31 


18 


Example 34 


proline 


1.15 


10 


Example 35 


methionine 


1.49 


27 


Example 36 


phenylalanine 


1.65 


17 


Example 37 


tryptophane 


2.04 


44 


Example 38 


betaine 


1.17 


23 



It appears from the results that a number of different amines have a similar effect on the cross-linking 
process. 



Examples 39 to 51 



Insoluble isomerase crystals were prepared with different dosages of ""glutaraldehyde and lysine 
according to the following general precept: 
3 g crystalline isomerase calculated as dry protein 
7.5 g magnesium sulphate 
0.47 to 2.34 g lysine (see Table V) 
pH adjusted to 8.0 with a sodium hydroxide solution 
0.5 to 1.25 g glutaraldehyde (100%: see Table V) 
Solution was allowed to react 18 hours at 2* C. 
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55 



Table V 



5 



TO 



15 





Glutaraidehyde 


Lysine 


Activity. 




(9) 


(g) 


(%) 
1 


Example 39 


0.5 


0.47 


67 


Example 40 


0.5 


0.94 


77 


Example 41 


0.5 1.40 


60 




Example 42 


0.75 


0.47 


72 


Example 43 


0.75 


0.94 


83 


Example 44 


0.75 


1.40. 


92 


Example 45 


0.75 


1.87 


81 


Example 46 


0.75 


2.34 


75 


Example 47 


1.25 


0.47 


68 


Example 48 


1.25 


0.94 


78 


Example 49 


1.25 


1.40 


90 


Example 50 


1.25 


1.87 


102 


Example 51 


1.25 


2.34 


100 



it appears from the results that the ratio between the dosages of lysine and glutaraidehyde affects the 
formation of insoluble crystals, that is. an optimum lysine dos.ng level is to be seen at each glutaraidehyde 
dosing level. 



Example 52 to 57 

Isomerase crystals were cross-linked in the solutions of ammonium sulfate and lysine according to the 
following general precept: 

10 g isomerase crystals in 10% ammonium sulfate (i.e. 3.72 g pure isomerase protem calculated as dry 
substance. 0 63 g ammonium sulfate and 5.65 g water) 
5 g ammonium sulfate 
45 g water 

1.25 g glutaraidehyde calculated as 100% 
0 to 3 g lysine (see Table VI) 

The pH of all the reaction components was adjusted to 8.0 by means of sodium hydroxide before 

stirring. 

The mixtures were stirred at 3 C for 18 hours. 

-. 

Table VI 





Lysine 

(g) 


Activity 

(%) 


Example 52 


0 


40 


Example 53 


0.3 


62 


Example 54 


0.6 


66 


Example 55 


1.2 


72 


Example 56 


1.8 


92 


Example 57 


3.0 


96 



It appears from the results that lysine affects very favorably the yield of the cross-imkmg. Ammonium 
sulfate has no greater effect on the result when lysine is available, even though ammonium sulfate alone 
gives a satisfactory result. 



Examples 58 to 69 



The amount of isomerase and lys.ne was kept constant and the other components were vaned as 

shown in Table VII: . 
3 g glucose isomerase calculated in dry form 
l g lysine 

0.01 g sodium hydroxide (solution pH 8). 

The reaction time was 18 and temperature 2 C. 



Example 58 
Example 59 
Example 60 
Example 61 
Example 62 
Example 63 
Example 64 
Example 65 
Example 66 
Example 67 
Example 68 
Example 69 



Glutaraldehyde 


MgSO* 


Water 


React. 


(Q) 


(9) 


(9) 


solution total 






(9) 


0.5 


21 


1 1 .9 


18.5 


0.5 


2.7 


(CI 

1 0.0 


22.5 


0.5 


4.2 


23.8 


32.5 


0.5 


5.3 


32.7 


42.5 


0.5 


10.2 


57.8 


72.5 


0.5 


16.2 


91.8 


112.5 


1.25 


2.1 


11.9 


19.25 


1.25 


2.7 


15.3 


23.25 


1.25 


4.2 


23.8 


33.25 


1.25 


5.3 


32.7 


43.25 


1.25 


10.2 


57.8 


73.25 


1.25 


16.2 


91.8 


113.25 



Activity 
(%) 



39 
70 
70 
73 
75 
77 
86 
99 
101 
89 
83 
89 



,t appears from the results that the concentration of the reaction mixture has little effect or i the i final 
result. The we.ght ratios between the reaction components (enzyme, lysine (or amine) and glutara.denyde) 
have a much greater effect. 



Example 70 



, g o. cross-linked glucose isomerase mass (from Example 56; 0.4 g dry substance) washed w.th water 
was mixed into 100 g of a 40% glucose solution the pH of which had been adjusted to 7.0. The m.xture was 
^ con^t. at 60' C Samples were taken from the m.xture intermittently, and the fructose content of 

samp es wa determined by means of a polanme.er and the glucose content measured enzyrna ca.hr 
by means of a hexokinase. The fructose content of the solut.on rose to 42% on the total sugar content of 
'hell! io .glucose * fructose = .00%. during 3 hours. Atter the test the cross-linked .somerase was 
eparated from the mixture by nltenng and was washed w„h water. The recovered W ™«™*™ 
fonts activity and dry content and it was found that no active enzyme had been d.ssolved or d.sappeareo .n 
the test. The test could be repeated several times with the same enzyme batch. 



Example 71 

Crystal mass prepared as described ,n Example 1 was washea for removing fine-gra.ned prec.p.tate 
and crystal material crushed fine dur.ng the process by suspending in water ana decant.ng (3 t.mes.. The 
,arge crystal fraction so obtained, mean size .00 rmcrome.ers. was packed .mo a cyl.ndr.cal reactor hav.ng 
a diameter of 2.6 cm and a herght of 5 cm. Glucose solution having the follow.ng compos.t.on was pumped 
through the column at 60 C: 
582 g glucose monohydrate 
590 g water 
0.37 g rv,gSOi-7H 2 0 
0.19 g NaHSCb 

pH 6.9 (1 M NaOH. consumption below 1 ml) 

At the beginning of the test the flow rate -as 11 ml.m.n. thereby the fructose content of the solution 
discharged from the column had risen to 42% on the total sugar content. The test was continued for 200 
hours whereafter the flow rate had to be reduced to 9 ml per minute for mainta.n.ng the original conversion 
(fructose content 42%). Accord.ngly. the act.v.ty of the enzyme hao drcoced dur.ng this penod of time to 



10 



81% from the mitial value. No reduction or dissolving of the crystal mass could be observed during the test. 
Examples 72 to 76 

43.42 g of wet active isomerase mass washed with water (prepared by the method of Example 67; io.O 
a enzyme on dry substance) was weighed. 

200 ml of a glucose solution prepared as described in Example 71 was poured on the crystal mass. 
The mixture was shaken at 60* C for different periods of time and the mixture was then filtered through- a 
filter paper disc The crystal mass remaining on the paper was washed carefully with water for remov.ng all 
soluble material. The crystal mass was dried in an incubator at 105 C and weighed. The observations are 
presented in the following Table VIII: 

Table VIII 





Stirring 
time 


Dry weight of crystal 
mass after test (g) 


Example 72 


10 min 


9.9 


Example 73 


2h 


11.0 


Example 74 


4 h 


10.9 


Example 75 


6 h 


10.7 


Example 76 


21 h 


10.4 



It appears from the results that the cross-linked crystalline isomerase prepared cy 1 the process 
according to the invention does not dissolve in the substrate under conventional industrial operating 
conditions. 



Example 77 

Cross-linked, crystalline isomerase. .somerase bound to DEAE cellulose and onginal free soluble 
isomerase were compared with each other by keeping them under identical chemical and physical 
conditions The conditions were chosen so that each enzyme sample lost its activity to a measurable extent 
in a reasonably short time. i.e.. in 10-30 hours. A 5 g portion of each enzyme preparation was mixed into 
150 ml of 0.05' M sodium phosphate buffer (pH 6.0). which further contained 1.5 mmol-liter MgSO* and 2 
mmol liter NaHS0 3 . The mixture was shaken for several hours at 70* C. Samples were taken intermittently 
from the mixture, and the activity of the remaining isomerase was determined from the samples. The half- 
value time of each enzyme sample (i.e.. the time period during which the activity drops to one halt of the 
original value) was determmed on the basis of the activity decrease. The results are shown in the following 
Table IX. 

Table IX 



Enzyme sample 


Half-time 
<h) 


Original soluble isomerase 
Isomerase bound to DEAE cellulose 
Cross-linked crystalline isomerase 


2.2 
3.3 
19.0 



It appears from the results that cross-linked crystals retain their enzymatic activity substantially better 
than a free enzyme or an enzyme immobilized in a known manner. 



Examoie 78 



1 1 



C-o,l- crystalline isomer^ - P^co—iy 

through '7?°^" S ^;^ C ° 3 tu S (e of me colu mns was 60' C during ,h e test. The activity of the enzyme 
was adjusted to 6.0. ™ e le ^ e 3 , efl on , he basis 0 , me „ 0 „ rate and the (ructose content o. the 

^jlzxxst™ ~* « ~- * - Tab,e x 

Table X 



Reactor packing 


Activity 
half-time (h) 


Cross-linked isomerase crystal masss 
Isomerase bound to DEAE cellulose 


120 
36 



It appears from 



the results that cross-linked crystals retain their enzymat.c act,v„y exce.iently. 



Examples 79-81 

Example 51. The inner diameter 01 ine y screen ^ Reep me en2yme 

to produce 45 per cent fructose. 

Table XI 



Example 


Enzyme 20 g dry suDstance 


Substrate 
flow imL-h) 


(comp.) 

(comp.) 

(comp.) 

79 

80 

81 


SPEZYME IGI. commercial product of Rnnish Sugar Co 
SWEETZYME T. commercial product of NOVO Co. Denmark 
TAKASWEET commercial product of Miles-Kali Chemie 
Cross-linked isomerase crystals of diameter 100-200 micrometers 
Cross-linked isomerase crystals of diameter 500-600 micrometers 
Cross-linked isomerase crystals of diameter 900-1 100 micrometers 


179 
197 
94 
1364 
1 121 
1098 



The (low rates of the columns contain.ng the commercal enzymes represent very typica.ly that wh.ch ,s 
The flow rates o. me c ^ ^ C ross-i,nkeo .somerase 

M ^^SLSJSnS^ P-ice. ,e h,gh activity o. cross-iinKed crystals w„, result in 
Z^ tZ enzyme columns, which w,n g,ve sav,ngs m .nvestmen, and process.ng costs. 



55 Claims 

i. A crystalline glucose .somerase. characterized ,n that a crystalline soluble glucose .somerase .. 
converted to water-insoluble form by cross-linking. 
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2 A glucose isomerase according to claim 1. characterized in .ha, i, ,s .nsoiubie ,n o,lu,e acd and 

rrxssn^^is * character,zed in ,ha * me crys,als are inso,ub,e in sa,a 

SU9 S ^ZlT£ZZT£ m , characterized in ,ha, i, ca.alyzes ,he isomeric o, its 

substantially pure, cross-linked crystalline glucose isomerase. K „ 

8 A process for .he prepara.ion o. a wa.er-insdluble cross-linked crystalline ™Z£TZ£n <* 
a) adding a dialdehyde to a crystalline isomerase suspens.on where.n. betore the addition of 

dialdehyde or during the cross-linking reaction a compound conta,n,ng a, leas, one ammo group, such as 
ammonium salt, amine or amino acid is added thereto, and 

b> washing the cross-linked crystals by water or some Cher liqu.d lor remov.ng reagent res.dues. 

9 A process according to claim 8 wherein the enzyme is glucose isomerase. 

,0 A process according to claim 8. characterized in that the dialdehyae is gluiaraldehyde 

! ,: A process according to the claims 8 or 9. characterized in that .he amount of glutaraldenyde ,s 0.4 

,0 ^T^ n pro b c Y e" i t t ■isomeri ^ ing a substrate wherein a cross-linked crystalline isomerase is used to 

catalyze the conversion of (he substrate to its isomer. 

,3. The process of claim ,2 wherein said substrate is glucose, fructose or xylose and sa.d .somerase » 

9IU Ta mTcTior continuous production of fructose whereby a glucose-conu.ning so.ution is aflowed to 
flow through a reactor con.ain.ng a wa.er-.nsoluble cross-linked crystalline glucose .somerase. 
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